A new histomorphometric method to assess growth plate chondrodysplasia and its application to the toothless (tl, Csf1(null)) osteopetrotic rat.
The proliferation and hypertrophy of growth plate chondrocytes set the pace and pattern for growth of endochondral bones. Complex signaling pathways regulating chondrocyte differentiation during development and growth have been discovered in recent years, but as yet little is known about how chondrocytes are able to orient themselves to align properly with respect to the direction of bone growth. Histomorphometric methods developed for analysis of growth plates rely to a significant extent on assessments of the relative heights of the zones of proliferating and hypertrophic chondrocytes. In a growing number of osteopetrotic mutations, however, it is becoming apparent that growth plates lack clearly demarcated zones of chondrocyte differentiation, and they show other notable histological abnormalities that cannot be measured with standard approaches. This is particularly true of mutations in which osteoclasts are altogether absent. We therefore developed a new approach that measures the salient features of this type of chondrodysplasia and have applied it to the toothless (tl) rat. The tl rat has a frameshift mutation in the Csf-1 gene that renders it null, resulting in severe osteopetrosis. An accompanying pathology is a severe, progressive growth plate chondrodysplasia. We measured cell orientation, cell area, and local columnar organization as functions of distance from the upper margin of the growth plate, in addition to growth plate thickness and cell density. All these parameters were markedly abnormal in the tl rats, thus implicating Csf-1 not only in its well-established role in regulating osteoclastic bone resorption, but also in endochondral ossification. This approach should prove useful in distinguishing among growth plate chondrodysplasias, most especially in the growing number of osteopetrotic mutations having growth plates that lack the normal zonal organization and in which the chondrocytes are mis-oriented. In turn, detailed assessments of chondrocyte misorientation may give insights into how they normally are able to arrange themselves with such precision.